SUMMARY: Dispersion of isolated cell walls of Streptococcus faecalis in washed agar provided an opaque medium on which cell-wall decomposing micro-organisms were isolated from soil. All of the organisms isolated on S. faecalis cell-wall agar were Streptomyces spp. The lytic activities of seven isolates of Streptomyces, S. albus, two strains of Micromonospora chalceae, Micromonospora sp., Nocardia gardneri and three strains of N. corallina, were studied on cell-wall agar media prepared from five Gram-positive and three Gram-negative bacteria and from the yeast Cundida pulcherrima. The three strains of Nocardia corallina showed no lytic activity on any of the cell-wall substrates. All of the actinomycetes tested were without activity on the Gram-negative cell-wall agar media. Most of the actinomycetes produced lysed zones on Gram-positive cell-wall agar and the greatest lytic activities were observed with Bacillus megaterium and Candida pulcherrima cell-wall substrates. Cytophaga johnsonae and two strains of Myxococcus fulvus were lytic on Candida pulcherrima cell-wall agar but no lysis occurred on the bacterial cell-wall agars.
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pulcherrima), Cells were harvested from liquid media by centrifugation after growth under appropriate conditions. With the exception of Pseudomonas aeruginosa, cells were washed twice with distilled water on the centrifuge and suspended in distilled water. P. aeruginosa was washed with 1 yo saline and suspended in 1 yo saline. Cells were disintegrated with Ballotini (Chance Bros. grade 12) beads in the Mickle disintegrator with the exception of those of Bacillus megaterium and Rhodospirillum rubrum which were disintegrated in the Raytheon 9 Kc. Magnetostriction Oscillator. The subsequent steps in the preparation of cell walls were those outlined by Salton & Horne (1951) .
The walls of C . pulcherrima were deposited from suspension by centrifuging for 15 min. a t 3000 r.p.m.
Preparation of cell-wall agar plates. Cell-wall agar plates were prepared as follows: 10 ml. of medium consisting of 1.5 yo washed agar, 0.1 yo K,HPO, and 0.05 yo MgSO,. 7H,O were poured into Petri dishes and allowed to set as a bottom layer; c. 8 ml. melted 2 yo washed agar was added to c. 2 ml. concentrated cell-wall suspension (containing 25-35 mg. dry weight cell wall/ml.) and poured as a top layer. Uniformly opaque cell-wall agar plates were obtained and used for the isolation of micro-organisms from soil or for testing the lytic activities of other micro-organisms. As cell walls were not prepared under aseptic conditions, heating cell-wall suspensions for 5 min. a t 80' before dispersion in washed agar decreased the number of contaminants appearing on the cell-wall agar, especially when plates were to be incubated for periods of 7 days or more. Preliminary experiments comparing the lytic activities of the various micro-organisms on cell-wall agar prepared from untreated and heated (5 min. at 80") cell-wall suspensions showed no detectable differences. Heated-cell agar plates. In some experiments the lytic activities of the microorganisms on heat-killed cells were studied. The plates were prepared as for the cell-wall agar plates, using instead of cell-wall suspensions, thoroughly washed suspensions of bacteria killed by heating for 5 min. at 100".
RESULTS

Isolation of cell-wall decomposing micro-organisms from soil
For the isolation of cell-wall decomposing micro-organisms, small grains of soil were placed on the surface of the cell-wall agar, the plates were incubated and examined at intervals for the appearance of lysed zones around the soil grains. Cell-wall agar plates prepared with walls from Streptococcus faecalis, Escherich.ia coli or Rhodospirillum rubrum were inoculated with soil and incubated at 30". Lysed zones appeared around the soil grains on Streptococcus faecalis cell-wall agar after incubation for several days. No lysed zones were observed even after prolonged incubation of Escherichia coli and Rhodospirillum rubrum cell-wall agar plates inoculated with soil,
The growth from a number of lysed zones on Streptococcus faecalis cell-wall agar was picked off and streaked out on 8. faecalis cell-wall agar and on glycerol+asparagine agar (Conn, 1921) . The latter medium was useful in the purification of the organisms isolated from the cell-wall agar as it enabled the Cell-wall decomposing micro-organisms 27 conservation of cell-wall material for the final testing of purified cultures.
Several successive transfers on glycerol + asparagine agar were made and the growth on these plates tested for retention of lytic activity on S . faecalis cellwall agar. All of the single-colony isolations were finally re-tested on S . faecalis cell-wall agar, after the organisms had been examined for the presence of contaminants on several different media.
The twelve isolates obtained from the soil-inoculated Streptococcus fa,eca,lis cell-wall agar plate were identified as Streptomyces spp. ; seven strains were selected for more detailed studies of morphological and cultural characteristics. A comparison of the characteristics of the seven strains with the descriptions of the seventy-three species of Streptomyces given in Bergey's Manual of Determinative Bacteriology (1948) does not perrnit their assignment to any of the described species.
The organisms were maintained on a medium containing 1.5 g. (wet weight)
washed, heat-killed Streptococcus faecalis cells; 0.1 g. K,HPO,; 0-05 g. MgSO4.7H,O; 1.5 g. agar/100 ml. medium. All strains showed abundant spore formation on this medium within 48 hr. incubation at 30", thus providing siiit.able spore inocula for subsequent experiments.
A comparison of the lytic activities of Streptomyces spp. and of some actinomycetes To test the lytic activities of the seven strains of Streptomyces and a number of related actinomycetes, cell-wall agar was prepared with the walls from a number of bacterial species and from the yeast, Candida pulcherrima. Cellwall agar media were inoculated by streaking some of the growth from the stock cultures of the actinomycetes on the agar surface. The method of testing the various actinomycetes for their abilities to decompose the cell walls is illustrated in P1. 1, figs. 1 and 2, where the growth and lytic activities of the organisms on Streptococcus faecalis cell-wall agar is shown (5 days incubation at 30").
As shown in P1. 1, fig. 3 , the seven strains of Streptomyces isolated on Streptococcus faecalis cell-wall agar exhibited greater lytic activities on Bacillus megaterium cell-wall agar than that observed on the Streptococcus faecalis cell-wall agar. Nocardia gardneri and the two strains of Micromonospora chalceae also produced more extensive zones of lysis on Bacillus megaterium cell-wall agar (shown in P1. 1, fig. 4 ) than that observed with Streptococcus faecalis cell-wall agar.
The seven strains of Streptomyces, Streptomyces albus, Nocardia gardneri, three strains of Nocardia corallina, two strains of Micromonospora chalceae and a Micromonospora sp. were tested for lytic activity on cell-wall agar media prepared with the walls from five Gram-positive bacteria and from the yeast Candida pulcherrima. The three strains of Nocardia corallina were devoid of lytic activity on all of the cell-wall agar media; the Micromonospora sp. showed no activity or only weak activity on the various cell-wall substrates. When tested on Staphylococcus aureus cell-wall agar, Streptomyces sp. strain 1 B and S. albus exhibited weak lytic activity, Nocardia gardneri and the two M . R. J . Salton strains of Micromonospora chalceae produced more extensive zones of lysis, and the other actinomycetes were non-lytic. The results of the tests of the lytic activities of the actinomycetes on the cell-wall agar prepared from the other Gram-positive organisms are presented in Table 1 . None of the actinomycetes showed evidence of lytic activity when tested on cell-wall agar prepared with walls of the Gram-negative organisms Escherichia coli, Pseudomonas aeruginosa or Rhodospirillum rubrum. The absence of lysed zones on Escherichia coli cell-wall agar inoculated with actinomycetes is shown in P1. 1, fig. 5 . This is in marked contrast with the extensive lysis observed with most of the actinomycetes (excluding the three non-proteolytic strains of Nocardia corallina) on agar containing heat-killed cells of Escherichia coli (Pl. 1 , fig. 6 ). Similar results were obtained with heat-killed cells of Pseudomonas aeruginosa.
The diffusible nature of the lytic substances (presumably enzymes) produced by the actinomycetes was demonstrated by cutting out blocks of the cell-wall agar from the broad lysed zones and placing them on fresh cell-wall agar. Clearing of the cell-wall agar in the absence of any detectable growth was observed with Streptococcus faecalis, Bacillus megaterium and Candida pulcherrima cell-wall agar blocks.
The lytic activities of several myxobacteria
The chitin-decomposing myxobacterium Cytophaga johnsonae studied b y Stanier (1947) and two strains of Myzococcus fulvus were tested on Escherichia coli and Pseudomonas aeruginosa cell-wall agar and on heated-cell agar. The two species of myxobacteria produced extensive lysis within several days incubation at 30" on heated-cell agar prepared from the two Gram-negative bacteria. Although Escherichia coli and Pseudomonas aeruginosa cell-wall agar media supported weak growth of the myxobacteria, there was no evidence of lysis even after 2 weeks incubation at 3 0 ' . When tested on Streptococcus faecalis and Bacillus rnegaterium cell-wall agar, the myxobacteria showed no lytic activities. However, Cytophaga johnsonae and the two strains of Myxo-coccus fulvus had effected extensive lysis on Candida pulcherrima cell-wall agar plates incubated for 3 days a t 30'; Cytophaga johnsonae showed greater lysis than the two strains of Myxococcus fulvus.
DISCUSSION
As a group, the actinomycetes possess marked bacteriolytic properties, and the lytic activities of these organisms have been studied extensively by Welsch (1947). It was not surprising that the organisms isolated on bacterial cell-wall agar belonged to the Streptomyces group. The bacteriolytic properties of the actinomycetes appear to be due to two groups of enzymes: ( 1 ) the proteolytic enzymes responsible for the dissolution of heat-killed bacteria (Tai & van Heyningen, 1951; Muggleton & Webb, 1952; Born, 1952) ; ( 2 ) enzymes capable of bringing about a dissolution of isolated cell walls of certain bacteria, e.g. lysis of group A streptococcus walls by Streptomyces albus enzymes (McCarty, 1952a, b; Salton, 1952a) . The ability of Streptomyces spp. and other actinomycetes to effect a dissolution of bacterial cell walls is further illustrated in this paper. The cell walls of the lysozyme-sensitive organisms Micrococcus lysodeikticus and Bacillus megateriuna previously shown to be digested by crystalline egg-white lysozyme (Salton, 19523; 1953a) are dissolved by the lytic enzymes produced by various actinomycetes. In addition to the lytic enzymes degrading bacterial cell walls, some of the actinomycetes and myxobacteria lyse the cell walls of the yeast Candida pulcherrima.
The method for the isolation of cell-wall decomposing micro-organisms described in this paper has not provided organisms possessing lytic enzymes for Gram-negative bacteria. Attempts to isolate such organisms for Escherichia coli from cell-wall enrichment cultures have so far failed. The high lipid contents and the nature of the protein components of the cell walls of Gramnegative bacteria (Salton, 1958 3) may confer a greater degree of resistance to enzymic digestion than that exhibited by the cell walls of certain Grampositive bacteria. 
